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DESCRIPTION 
DAMPING MATERIAL AND DAMPING METAL SHEET 

Technical Field 

The present invention belongs to a technical field 
relating to a., vibration damping material and a vibration, 
damping composite metal sheet. 
Background Art 

Structural materials such as steel sheets, aluminum 
sheets, and industrial plastics have high elastic modulus 
and are widely used for providing rigidity and strength 
required for structures. On the other hand, these materials 
have low vibration damping performance. In particular, in 
structures requiring low noise, such as automobile bodies, 
railroad vehicles, and house roofs, a countermeasure for 
imparting desired vibration damping performance, for example, 
bonding a damping material on the surface of a structure, is 
taken in order to prevent the emittance of undesirable 
sounds caused by an insufficient vibration damping 
performance of the structural material. 

Damping structures in which such a countermeasure is 
taken are broadly divided into two types. 

A first damping structure is produced by bonding a 
damping material on the surface of a structural material, 
and laminating a sheet composed of the same material as the 
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structural material or a sheet having a rigidity close to 
that of the structural material. This structure is referred 
to as a constrained-type structure because the elongation 
deformation of the damping material is constrained by the 
sheet provided thereon and thus the damping material is 
easily subjected to shear deformation. The sheet provided 
on the damping material is referred to as a constraining 
sheet. 

A second damping structure is produced by bonding a 
damping material on the surface of a structural material, 
the damping material having an elastic modulus that is as 
close as possible to that of the structural material. This 
structure is referred to as an unconstrained-type structure 
because the elongation deformation of the damping material 
is not constrained compared with the first constrained-type 
structure . 

Examples of the first constrained-type damping material 
include products produced by sandwiching a damping material 
between two elastic sheets such as steel sheets, aluminum 
sheets, glass sheets, and hard resin sheets. In particular, 
when the elastic sheets are steel sheets or aluminum sheets, 
the sheets can be used as a structure by press forming 
without further treatment because they can be subjected to 
plastic forming. The product produced by sandwiching a 
damping material between two steel sheets is widely known as 
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a vibration damping steel sheet. 

Examples of a method of bonding a damping material on 
the surface of a structural material include a method of 
providing the damping material itself with a satisfactory 
adhesive force and a method of applying an adhesive on the 
surface of the damping material. In particular, as 
represented by the damping steel sheet and the like, when a 
material prepared by adhering a damping material in advance 
on the surface of an elastic sheet such as a metal sheet is 
pressed for use, it is necessary to increase the interfacial 
peeling strength between the adhesive or the damping 
material and the elastic sheet, the strength of the adhesive, 
and the strength of the damping material. 

In addition, it is necessary to increase the damping 
performance as much as possible so as to achieve the 
original purpose. It is known that the damping function 
possessed by a damping material becomes maximum at the glass 
transition temperature thereof. Therefore, it is important 
that the glass transition temperature of the damping 
material is controlled to a temperature of the operating 
environment according to the temperature of the environment 
where the damping material is used. 

Regarding commercially available adhesives [(1) to (7) 
described below] each having a satisfactory adhesive 
strength, the shear modulus \i ± and the loss factor tan 5 ( = 
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M 2 /Mi) were examined in the frequency range of 10 Hz to 10 
kHz and at temperatures of 20°C to 80°C. These results [ (1) 
to (7) described below] were compared with, for example, a 
suitable range of the shear modulus (7 x 10 4 < (\x lr \i 2 ) < 7 x 
10 6 Pa and 0.5 < tan 6 < 3.0) in the case where a 
constrained-type structure composed of elastic 
sheet/adhesive/elastic sheet was produced, using aluminum 
sheets as the elastic sheets. The results showed that most 
of the adhesives did not have satisfactory performance. 

(1) Base resin: an epoxy, Curing agent: a polyamide 
A type: Mi = 4 x 10 8 to 2 x 10 9 Pa, tan 5 = 0.04 to 0.4 

B type: \x ± = 1 x 10 8 to 8 x 10 8 Pa, tan 5 = 0.1 to 0.8 

(2) Base resin: an epoxy, Curing agent: a modified 
silicone 

Hi = 2 x 10 7 to 3 x 10 8 Pa, tan 5 = 0.1 to 0.3 

(3) Base resin: an epoxy 48% + calcium carbonate 45% 
Curing agent: a modified silicone 55% + calcium carbonate 
40% 

Hi = 1 x 10 7 to 2 x 10 8 Pa, tan 5 = 0.1 to 0.3 

(4) Base resin and curing agent: modified acrylates 
Mi = 1 x 10 8 to 8 x 10 8 Pa, tan 5 - 0.1 to 0.3 

(5) One component type polyurethane 

A type: ^ = 1 x 10 6 to 1 x 10 7 Pa, tan 5 = 0.3 to 0,6 
B type: Mi = 9 x 10 5 to 1 x 10 7 Pa, tan 5 = 0.3 to 0.5 

(6) A polyolef in-based adhesive 
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H x = 1 x 10 7 to 2 x 10 8 Pa, tan 5 = 0 . 3 to 0 . 5 

(7) A chloroprene rubber-based adhesive 
li x = 5 x 10 5 to 1 x 10 6 Pa, tan 5 = 0.1 to 0.2 

Furthermore, hitherto, regarding the elastic modulus of 
a polymeric material used and the elastic modulus of another 
polymeric material mixed therewith, specific numerical 
values have not been described. The types of material and 
the mixing ratio thereof for effectively improving the 
damping property have also not been disclosed. In addition, 
a design guideline as to whether the elastic' modulus of the 
mixed material is a numerical value suitable for the 
constrained-type structure has not been disclosed. Thus, no 
specific methods for selecting resins have been disclosed 
and such methods are still unknown. 
Disclosure of Invention 

The present invention has been achieved by focusing on 
the above situation, and an object of the present invention 
is to provide a damping material and a damping metal sheet 
that have excellent damping performance. 

To achieve the above object, the present inventors have 
conducted intensive studies and- completed the present 
invention. According to the present invention, the above 
object can be achieved. 

The present invention thus completed and that has 
achieved the above object relates to a damping material and 
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a damping metal sheet* The present invention relates to 
damping materials described in claims 1 to 7 (damping 
materials according to a first invention to a seventh 
invention) and a damping metal sheet described in claim 8 
(damping metal sheet according to an eighth invention) , and 
provides the following structures. 

Namely, the damping material described in claim 1 is a 
damping material including at least one type of polymeric 
material, wherein the polymeric material has a sea-island 
structure, the loss factor tan 8 T of a polymeric material 
constituting the island phase of the sea-island structure is 
larger than the loss factor tan 5 M of a polymeric material 
constituting the sea phase of the sea-island structure, and 
■ the ratio of the elastic modulus of the polymeric material 
constituting the island phase to the elastic modulus of the 
polymeric material constituting the sea phase is in the 
range of 0.1 to 2 [first invention]. 

The damping material described in claim 2 is the 
damping material according to claim 1, wherein gas bubbles 
are present in the polymeric material constituting the sea 
phase [second invention] . 

The damping material described in claim 3 is the 
damping material according to claim 1 or 2, wherein the 
shear modulus \x x of the polymeric material constituting the 
island phase is in the range of 5 x 10 5 to 4 x 10 9 Pa [third 
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invention] . 

The damping material described in claim 4 is the 
damping material according to any one of claims 1 to 3, 
wherein the loss factor tan 5 Z of the polymeric material 
constituting the island phase is in the range of 0.1 to 10 
[fourth invention] . 

The damping material described in claim 5 is the 
damping material according to any one of claims 1 to 4, 
wherein the shear modulus |a M of the polymeric material 
constituting the sea phase is in the range of 5 x 10 6 to 2 x 
10 9 Pa [fifth invention] . 

The damping material described in claim 6 is the 
damping material according to any one of claims 1 to 5, 
wherein two or more types of polymeric material are 
contained [s ixth invention] . 

The damping material described in claim 7 is the 
damping material according to any one of claims 1 to 5, 
wherein one type of polymeric material is contained and the 
polymeric material is a graft copolymer or a block copolymer 
[seventh invention] . 

The damping material described in claim 8 is a damping 
metal sheet having a damping structure in which the damping 
material according to- any one of claims 1 to 7 is bonded on 
a metal sheet [eighth invention] . 

The damping material of the present invention has 
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excellent damping performance. According to this damping 
material, the damping property of a structural material or 
the like can be improved. The vibration damping composite 
metal sheet of the present invention has excellent damping 
property. According to this damping metal sheet, the 
damping property of a structural material or the like can be 
improved. 

Brief Description of the Drawings 

Fig. 1 is a graph showing the measurement results of 
the loss factor tan of a damping material (wherein an 

island phase resin is mixed in a volume content of 50% with 
a sea phase resin having a loss factor tan 5 M of 0.1) . The 
abscissa represents, the rigidity modulus ratio \A x /\± n and the 
ordinate represents tan 5 T of the island phase resin. The 
curved lines in the figure represent contour lines of the 
loss factor tan of the damping material. 

Fig. 2 is a graph showing the measurement results of 
the loss factor tan of a damping material (wherein an 

island phase resin is mixed in a volume content of 30% with 
a sea phase resin having a loss factor tan 5 M of 0.1) . The 
abscissa represents the rigidity modulus ratio \i x /\i n and the 
ordinate represents tan 5 X of the island phase resin. The 
curved lines in the figure represent contour lines of the 
loss factor tan of the damping material. 

Fig. 3 is a graph showing the measurement results of 
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the loss factor tan of a damping material (wherein an 

island phase resin is mixed in a volume content of 30% with 
a sea phase resin having a loss factor tan 5 M of 0.5) . The 
abscissa represents the rigidity modulus ratio \x T /\x n and the 
ordinate represents tan 8 X of the island phase resin. The 
curved lines in the figure represent contour lines of the 
loss factor tan 5^-^ of the damping material. 

Fig. 4 is a graph showing the measurement results of 
the loss factor tan of a damping material (wherein an 

island phase resin is mixed in a Volume content of 30% with 
a sea phase resin having a loss factor tan 5 M of 0.5 and, in 
addition, gas bubbles are formed in the sea phase resin in 
an amount of 30%) . The abscissa represents the rigidity 
modulus (shear modulus) ratio [X x /\Ji M and the ordinate 
represents tan 5 Z of the island phase resin. The curved 
lines in the figure represent contour lines of the loss 
factor tan of the damping material. 

Best Mode for Carrying Out the Invention 

The present inventors have conducted various intensive 
studies on the basis of the following novel idea: In place 
of imparting an adhesive strength to a damping resin having 
high vibration damping performance, a damping material 
having high vibration damping performance is mixed with an 
adhesive that has a satisfactory adhesive strength but has a 
low damping property. By forming a sea-island structure in 



which the damping material floats in the form of islands on 
the adhesive, which is compared to a sea, a satisfactory 
adhesive strength and an increase in the damping performance 
are combined* 

As a result, it has been found that, in a blended 
damping material having such a sea-island structure, when 
the ratio of elastic modulus (the ratio of elastic modulus 
is equal to the ratio of shear modulus and the ratio of 
rigidity modulus) of the elastic modulus of an island phase 
resin (polymeric material constituting the island phase) to 
the elastic modulus of a sea phase resin (polymeric material 
constituting the sea phase) is in the range of 0.1 to 2.0, 
the loss factor tan of the blended damping material can 

be significantly increased. Furthermore, it has been found 
that the above elastic modulus ratio is preferably in the 
range of 0.1 to 0.6 and further preferably in the range of 
0.1 to 0.4. In such a case, a higher loss factor tan 
can be ensured. 

Additionally, the elastic modulus ratio (the shear 
modulus ratio and the rigidity modulus ratio) is equal to 
the ratio of longitudinal elastic modulus. For example, 
when the elastic modulus ratio = 1, the longitudinal elastic 
modulus ratio = 1 . 

Herein, the sea-island structure means a structure in 
which two or more types of polymeric material that are 



incompatible with each other are mixed, and one polymer is 
present in the form of islands on the other polymer, which 
is compared to a sea, in the state of phase separation. For 
example, when water and oil are mixed and stirred, the sea- 
island structure in which oil particles float on the water 
is formed. However, because of the low viscosity of water, 
the oil particles floating on the water repeatedly coalesce 
and the structure is eventually separated into two layers, 
i.e., water and oil layers. However, regarding polymers 
each having high viscosity, since island phase polymer 
particles do not immediately coalesce with each other, the 
sea-island structure can be fixed by, for example, a method 
of adding a curing agent or a copolymer (referred to as 
compatibilizer ) prepared by copolymerizing the polymers to 
be mixed. 

That is, the sea-island structure in the present 
invention means a two-layer structure in which, in a 
multicomponent polymeric material composed of incompatible 
polymers, a component is dispersed in the form of isolated 
particles ( island ^phase : dispersed phase) in a continuous 
phase (sea phase: matrix phase) composed of another 
component . 

Among the phases constituting the sea-island structure, 
the sea phase in the present invention is a continuous phase 
composed of a phase having a high area ratio relative to the 



entire cross section obtained when the sea-island structure 
is observed with, for example, a scanning or transmission 
electron microscope (SEM or TEM) . The island phase is a 
dispersed phase composed of a component having a low area 
ratio relative to the entire cross section obtained by the 
above observation . 

The mean dispersed particle size in the sea-island 
structure is several micrometers to several hundred 
micrometers. 

It is also known that block copolymers or graft 
copolymers each prepared by copolymerizing two or more types 
of monomer form an island phase on their own, the island 
phase having a size on the angstrom order (for example, 
about several tens of angstroms) . Such a phenomenon is 
particularly referred to as microphase separation. In this 
.case, the polymeric material is composed of a single polymer. 
In the present invention, the sea-island structure also 
includes this microphase separation. 

Furthermore, the present inventors have found the 
following. By dispersing gas bubbles in a sea phase resin, 
the shear modulus \x x of a blended damping material can be 
controlled so as to set the value in the above-described 
suitable range of the viscoelastic property. In addition, 
the gas bubbles increase the shear strain energy of an 
island phase resin (island phase damping material) to 
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increase the loss factor tan 8 ALL (damping performance) of 
the blended damping material. 

In addition to polymeric materials, the damping 
material of the present invention may appropriately contain 
other components used in normal polymer compositions, such 
as a filler, a pigment, a coupling agent, a leveling agent, 
or a viscosity adjuster, as long as the advantages of the 
present invention are not impaired. 

The present invention has been completed on the basis 
of these findings and the like, and provides a damping 
material having the above structure and a metal sheet on 
which the damping material is bonded. 

Namely, a damping material of the present invention 
thus completed includes at least one type of polymeric 
material, wherein the polymeric material has a sea-island 
structure, the loss factor tan 5 T of a polymeric material - 
constituting the island phase of the sea-island structure is 
larger than the loss factor tan 5 M of a polymeric material 
constituting the sea phase of the sea-island structure, and 
the ratio of the elastic modulus of the polymeric material 
constituting the island phase to the elastic modulus of the 
polymeric material constituting the sea phase is in the 
range of 0.1 to 2 [first invention]. 

As is apparent from the above finding, this damping 
material can significantly increase the loss factor tan 5 RTT , 
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and thus has excellent damping performance. That is, the 
polymeric material has the sea-island structure, the loss 
factor tan 5 X of the polymeric material constituting the 
island phase of the sea-island structure is larger than the 
loss factor tan 5 M of the polymeric material constituting the 
sea phase of the sea-island structure, and the ratio of the 
elastic modulus of the polymeric material constituting the 
island phase to the elastic modulus ..of the polymeric 
material constituting the sea phase is in the range of 0.1 
to 2, thereby the loss factor tan of the damping 

material can be significantly increased, and thus the 
damping material has excellent damping performance. 

Accordingly, the damping material of the present 
invention has excellent damping performance. According to 
this damping material, the damping property of a structural 
material can be improved. 

When the ratio of the elastic modulus of the polymeric 
material constituting the island phase to the elastic 
modulus of the polymeric material constituting the sea phase 
is from 0.0 to less than 0.1, the degree of improvement 
(increase) in the loss factor tan of the damping 

material is small and the effect of increasing the damping 
performance is not satisfactory. On the other hand, when 
this ratio of elastic modulus exceeds 2, the degree of 
increase in the loss factor tan dp^^ of the damping material 



is small and the effect of increasing the damping 
performance is not satisfactory. 

In the damping material of the present invention, as is 
apparent from the above finding, when gas bubbles are 
present in the polymeric material constituting the sea phase 
the shear modulus ^ of the damping material can be 
controlled by the gas bubbles so as to set the value in the 
above-described suitable range of the viscoelastic property. 
In addition, the gas bubbles can increase the shear strain 
energy of the polymeric material constituting the island 
phase to further increase the loss factor tan of the 

damping material. Consequently, the damping performance can 
be further increased [second invention] . The gas bubbles 
may be present when the damping material is prepared by 
mixing the material constituting the sea phase with the 

4 

material constituting the island phase. However the gas 
bubbles are not limited thereto. Alternatively, the gas 
bubbles may be formed (or may form) after the damping 
material is prepared. That is, the duration of the presence 
of the gas bubbles is not limited and it is sufficient that 
the gas bubbles are present when the damping material is 
produced or thereafter. 

In the damping material of the present invention, when 
the shear modulus \i T of the polymeric material constituting 
the island phase is in the range of 5 x 10 5 to 4 x 10 9 Pa, 
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the loss factor tan of the damping material can be 

increased more reliably and a higher damping performance can 
be provided [third invention] . 

When the loss factor tan 6 X of the polymeric material 
constituting the island phase is in the range of 0.1 to 10, 
the loss factor tan of the damping material can be 

further increased and a higher damping performance can be 
provided [fourth invention] . 

When the shear modulus pi M of the polymeric material 
constituting the sea phase is in the range of 5 x 10 6 to 2 x 
10 9 Pa, a higher adhesive strength can be ensured [fifth 
invention] . 

A damping metal sheet of the present invention has a 
damping structure in which the damping material according to 
any one of the first to seventh inventions is bonded on a 
metal sheet. This damping metal sheet has excellent damping 
property. According to this damping metal sheet, the 
damping property of a structural material or the like can be 
improved [eighth invention] . 

The metal sheet constituting the damping metal sheet is 
not particularly limited as long as the metal sheet is 
generally used as a structural material. Specific examples 
thereof include aluminum alloy sheets, steel sheets, and a 
titanium sheet. 

The loss factor tan 8 in the present invention is an 
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index representing the magnitude of the vibration damping 
performance of a material, and is defined as the tangent 
(tan) of the phase difference 5 between a stress F applied 
to the material and a displacement D. Alternatively, the 
loss factor tan 5 can be defined as the ratio (j^/Hr) of the 
imaginary part \i z to the real part |a R of the complex elastic 
modulus [i c obtained by a complex notation of the stress F 
and the displacement D. 

Herein, tan represents the loss factor of a damping 

material having the sea-island structure, tan 5 M represents 
the loss factor of the sea phase of the damping material, 
and tan 5 X represents the loss factor of the island phase of 
the damping material. 

The shear modulus can be measured by, for example, the 
following measuring method. 

Strip-shaped samples are prepared using the object 
damping materials (a polymeric material constituting the sea 
phase alone, a polymeric material constituting the island 
phase alone, and a blended damping material) . A sample, a 
flat plate fixture, and a sample are disposed inside a U- 
shaped fixture, in that order. The U-shaped fixture and the 
samples, and the samples and the flat plate fixture are 
firmly fixed together. 

Subsequently, one of the fixtures is fixed and the 
other fixture is vibrated so that a shear deformation is 
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generated in the sample. By measuring the time waveforms of 
the stress F and the displacement D, and the phase 
difference 5 at that time, the dynamic complex shear modulus 
H c can be calculated using the following equation. 

That is, the dynamic complex shear modulus \jl c can be 
calculated using the following equation: 
|i c = H(l + jtan 5) 

(wherein = (2*T/L*W) *A/B • cos 5, T represents the thickness 
of the strip-shaped sample, L represents the length of the 
strip-shaped sample, ,• W represents the width of a strip- 
shaped sample, A represents the amplitude of the stress F, B 
represents the amplitude of the displacement D, and j 
represents the imaginary unit.) 

Furthermore, tan 5 (also expressed by r\) can be 
calculated from the dynamic complex shear modulus |i c and is 
calculated as the ratio of the imaginary part \i z to the real 
part \x R of the dynamic complex shear modulus \x c , i.e., tan 5 

Examples and comparative examples of the present 
invention will be described below. The present invention is 
not limited to the examples and may be performed with 
appropriate modifications within a range that can match the 
purpose of the present invention. These modifications are 
also included in the technical scope of the present 
invention . 



EXAMPLE 1 

Shear moduli and loss factors [the complex shear 
modulus |J. C is represented by pi c = \x(l + jtan 5)] of various 
resins having high adhesive strength and resins having large 
loss factor were examined. These resins were mixed to 
prepare blended damping materials having the sea-island 
structure and the complex shear moduli |i CALL = Hall ( 1 + jtan 
^all) °f these damping materials were calculated. In the 
equation, j represents the imaginary unit. 

Figs. 1 and 2 show examples of the results of the 
calculated loss factor tan 5^^. The ordinate represents the 
loss factor (tan.Sj) of an island phase resin (polymeric 
material constituting the island phase of the sea-island 
structure) . The abscissa represents the ratio M-i/Mm (that is 
equal to the elastic modulus ratio and the rigidity modulus 
ratio) of the shear modulus \i x (expressed as rigidity 
modulus in the figures) of the island phase resin to the 
shear modulus |u M of the sea phase resin (polymeric material 
constituting the sea phase of the sea-island structure) . 
The curved lines in the figures represent contour lines of 
the loss factor tan of the damping materials. The 

values of the loss factor tan of the damping material 

are the same on each line. The numbers added to each of the 
contour lines represent the value of the loss factor tan 5 ALL 
of the damping material. For example, the contour line with 
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a number of 0.5 means that the loss factor tan of the 

damping material is 0.5 on this line (hereinafter the same). 

Fig. 1 shows the results in the case where an island 
phase resin is mixed in a volume content of 50% with a sea 
phase resin having a loss factor tan 5 of 0.1. Fig. 2 shows 
the results in the case where an island phase resin is mixed 
in a volume content of 30% with a sea phase resin having a 
loss factor tan 8 of 0.1. Each of the volume contents of 
the island phase resin is the ratio (percent) of the volume 
of the island phase resin to the total volume of the damping 
material having the sea-island structure. It is known that 
the microphase separation, which forms an island phase 
domain on the angstrom order, occurs in block copolymers 
composed of two or more types of polymers (polymer chains) . 
In a broad sense, the meaning of the term "volume content" 
also includes the ratio of such an island phase domain to 
the total volume. 

Referring to Fig. 1, when the rigidity modulus (shear 
modulus) ratio (Xj/jj-m of the rigidity modulus of the island 
phase resin to that of the sea phase resin is in the range 
of 0.1 to 2.0, the loss factor tan of the damping 

material is 0.5 or more. Furthermore, when the rigidity 
modulus ratio \jl t /[i h of the rigidity modulus (shear modulus) 
of the island phase resin to that of the sea phase resin is 
in the range of 0.1 to 0.4, the loss factor tan 5 aTT of the 



damping material is 1 . 0 or more. 

Referring to Fig. 2, when the rigidity modulus (shear 
modulus) ratio m«i/Mm of the rigidity modulus (shear modulus) 
of the island phase resin to that of the sea phase resin is 
in the range of 0.1 to 0.6, the loss factor tan of the 

damping material is 0.5 or more. ■-. 

The results of the above examination (including the 
results shown in Figs. 1 and 2) verified the following: 
When the rigidity modulus (shear modulus) ratio li x /|i M of the 
rigidity modulus (shear modulus) of the island phase resin 
\i z to that of the sea phase resin |a M is in the range of 0.1 
to 2.0, the loss factor tan of the damping material can 

be significantly increased. Furthermore, when this ' rigidity 
modulus (shear modulus) ratio is in the range of 0.1 to 0.6, 
the loss factor tan of the damping material can be more 

reliably increased. Furthermore, when this rigidity modulus 
(shear modulus) ratio is in the range of 0.1 to 0.4, the 
loss factor tan of the damping material can be more 

reliably increased. 
EXAMPLE 2 

Blended damping materials having the sea-island 
structure were prepared by the same method as that in 
Example 1 and the same measurements and examinations were 
performed. However, gas bubbles were formed in the sea 
phase resin of some of the blended damping materials. 
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Figs* 3 and 4 show examples of the results. The 
ordinate and the abscissa represent those in Figs. 1 and 2. 
The lines in the figures represent contour lines of the loss 
factor tan of the damping materials as in Figs. 1 and 2. 

Fig. 3 shows the results in the case where an island phase 
resin is mixed in a volume content of 30% with a sea phase 
resin having a loss factor tan 5 M of 0.5. Fig. 4 shows the 
results in the case where an island phase resin is mixed in 
a volume content of 30% with a sea. phase resin having a loss 
factor tan 5 M of 0/5 and, in addition, gas bubbles are formed 
in the sea phase resin in a volume content of 30%. 

As is apparent from Figs. 3 and 4, in the case of Fig. 
3, even when the loss factor tan 8 X of the island phase resin 
is increased to 5.5, the loss factor tan of the damping 

material cannot be increased to 1.0. In contrast, in the 
case of Fig. 4, by forming gas bubbles in the sea phase 
resin in an amount of 30%, when an island phase resin having 
a loss factor tan d z of about 3.5 is mixed in a volume 
content of 30%, the loss factor tan 8 ALL of the damping 
material can be increased to 1.0. 

The above gas bubbles may be formed by the following 
method: Capsule particles containing a gas therein are 
mixed in the sea phase resin before the sea phase resin and 
the island phase resin are mixed, and the resulting sea 
phase resin and the island phase resin are then mixed to 
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prepare the damping material. 

Alternatively, a foaming agent that generates gas 
bubbles by vaporizing with heat may be mixed in the sea 
phase resin in advance and the damping material may be 
prepared. Subsequently, gas bubbles may be formed by 
heating before the resulting damping material is used as a 
damping structure. That is, for example, the gas bubbles 
may be formed after the damping material is bonded on a 
metal sheet and before the resulting metal sheet is used as 
a product, or the gas : bubbles may be formed after the 
damping material is bonded on a metal sheet and a forming 
process is performed, and before the resulting metal sheet 
is used as a product. 

According to the above methods, the elastic modulus of 
the sea phase resin can be set to a high value before 
heating, in which gas bubbles are not formed yet, and a 
stress concentration generated around gas bubbles disposed 
inside the sea phase resin during the forming process can 
also be prevented. As a result, the adhesive strength can 
be increased. Gas bubbles are then formed by heating before 
the damping material is used as a product, thereby the 
elastic modulus of the damping material can be set in the 
above-described suitable range and the loss factor tan 
can be further increased. That is, this damping material 
has the following advantage: Before being used as a product, 



* 



X 



- 24 - 

the damping material has excellent formability and adhesive 
strength, whereas during use as a product, the damping 
material has excellent damping performance. 

Thus, the formation of gas bubbles in the sea phase 
resin can extend the choice of the polymeric material used 
as the sea phase resin and improve the adhesive strength. 
Industrial Applicability 

The damping material of the present invention has 
excellent damping performance, and can improve the damping 
property of structural materials. Accordingly, the damping 
material of the present invention can be suitably used for 
structural materials that require imparting vibration 
damping performance in order to, for example, reduce the 
level of undesirable sounds caused by an insufficient 
vibration damping performance of the structural materials. 



